A green and efficient procedure is reported for the chemoselective reduction of nitroarenes catalyzed by a highly active alumina-supported cobalt nanocatalyst in the presence of hydrazine hydrate. The nanocatalyst can be applied under mild reflux conditions for the synthesis of arlyamines in high yields. Moreover, the catalyst can be easily recovered by simple filtration and reused several times without obvious loss in its catalytic activity.
Introduction
Arylamines are industrially important organic intermediates and attractive compounds for the chemical synthesis due to their wide utility in fine chemicals dyes and polymers. 1 These compounds are important components in many biologically active natural products, medicinally compounds, materials with useful electrical and mechanical properties. [2] [3] Arylamines were synthesized by various processes such as reduction of corresponding nitroarenes in the presence of metallic catalysts. Thus exploring new procedures or catalysts for the chemoselective reduction of nitroarenes have been attracted considerable attention.
In the previous studies, a variety of metallic catalysts and methods were reported for the synthesis of arylamines. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] However, some of these catalysts possess the lack of chemoselectivity, adaptability to nitro-containing substrates and recyclability. Moreover, some of these methods incude the use of toxic solvents, hard work-up, low selectivity and harsh reaction conditions. Therefore, the catalytic activity need to be further improved, and introduction of alternative methods for the chemoselective reduction of nitroarenes to their corresponding arylamines in terms of potential simplicity, high activity and environmental process is still in demand.
In recent years, supported cobalt catalysts have been attracted significant attention on the organic synthesis reactions and proved to be useful for the reduction of nitroarenes. Various supported cobalt catalysts were prepared and their catalytic activity studied on the reduction of nitroarenes. [17] [18] [19] [20] [21] [22] [23] It is confirmed that supported cobalt catalysts had good activity and selectivity for the chemoselective reduction of nitro compounds. However, to the best of our knowledge, there is no report on the reduction of nitroarenes in the presence of alumina supported cobalt nanoparticles. Moreover, recently, the use of supported metallic nanoparticles as catalysts have gained a great attention. These compounds show an important role in nanoscience and nanotechnology. It is proved that the supported nanoparticles have higher stability. Separation and recycling properties also increase. Therefore, due to these properties, the practical applications of supported metallic nanoparticles as catalysts on the organic synthesis reactions have increased. [24] [25] [26] [27] [28] Recently, we have reported the preparation and characterization of cobalt nanoparticles supported on Al 2 O 3 as support (Co/Al 2 O 3 nanocatalyst), as well as its catalytic activity on the various organic reactions. [29] [30] Co/Al 2 O 3 nanocatalyst is safe, stable, easy to handle, environmentally benign and its preparation is simple. It was observed that Co/Al 2 O 3 nanocatalyst had high activity, selectivity and recyclability in the aerobic oxidation of alcohols. In continuation of our studies on the catalytic activity of different nanocatalysts on organic reactions, [31] [32] [33] [34] [35] [36] herein, we report an efficient and green procedure for the chemoselective reduction of nitroarene compounds catalyzed by cobalt nanoparticles supported on Al 2 O 3 support (Co/ Al 2 O 3 nanocatalyst) in ethanol under reflux conditions (Scheme 1).
The effect of various solvents in this reaction was also investigated ( Table 2 ). It was confirmed that the reaction in organic solvents such as CH 3 CN and toluene is significantly low, whereas the reduction proceeded efficiently in ethanol under reflux condition. The rate of the reaction was slower in water and yield of corresponding product was decreased. Other solvents such as methanol and ethyl acetate were less effective for this reaction. Therefore, ethanol was selected as the solvent for the reduction reaction (Table 2) . Moreover, the effect of various amounts of hydrazine hidrate were investigated. The best results were obtained in the presence of 3 mmol of hydrazine hidrate ( Table 2 ). 
Results and Discussion
Results confirmed that cobalt nanoparticles supported on Al 2 O 3 support (Co/Al 2 O 3 nanocatalyst) can be considered as an simple, efficient, green and recyclable nanocatalyst for the synthesis of various functionalized arylamines. In this process, conversion of different substrates with high selectivity of corresponding arylamines have been achieved and N 2 was only obtained as the by-product. Therefore, this process can present a highly efficient and clean procedure for the reduction of nitroarenes and synthesis of functionalized arylamines.
Co/Al 2 O 3 nanocatalyst was prepared by a co-precipitation method. Scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), BET surface area, X-ray diffraction (XRD) and TEM analysis were used to characterize the catalyst. 25 To optimize the reaction conditions, reduction of 4-chloronitrobenzene in the presence of hydrazine hidrate, was chosen as a model reaction and its performance was studied under a variety of conditions. The effect of various factors such as solvent, catalyst amount and temperature were investigated. The reaction was studied in the presence of different amounts of the nanocatalyst, and found that the catalyst amount confirmed different activities in this reaction. Amongst various amount of the catalyst studied, it was found that in the presence of the Co/ Al 2 O 3 nanocatalyst (0.1 g), 4-chloro-aniline was obtained in highest yield and lower reaction times. While the nanocatalyst amount was decreased, the corresponding product obtained in the lower yields. Moreover, overloading had no significant effect on the yield and time of the reaction (Table 1) .
To study the scope of this procedure, the reduction reactions of various nitroarene compounds were investigated. A wide range of substituted aromatic nitro compounds were reduced to the corresponding aryl amine derivatives in the presence of Co/Al 2 O 3 nanocatalyst ( Table 3 ).
The obtained results represented that various substituted nitroaromatics including electron-withdrawing groups and electron-donating groups were reduced under the optimized reaction conditions and corresponding arylamines were obtained in high yields. Halogeno-substi- 1 g) in ethanol at reflux conditions. b Products were characterized by comparison of their spectroscopic data and melting points with those reported in the literature. 5,9,11,13,35 c Isolated pure products.
tuted nitroarenes were reduced to the corresponding products without any dehalogenation in high yields (Table 3 , entries 2-4). Moreover, the reducible functional groups on aromatic rings like OH and aldehyde group remained completely unchanged under the reaction conditions ( Table 3 , entries 8-10). Especially, the reduction reaction of nitroaniline also occurred efficiently to give the corresponding phenyl diamine in high yield (Table 3, entry 11) . The reduction of biphenyl nitrocompounds also gave the excellent yields of the corresponding products with good selectivity under the reaction conditions (Table 3 , entry [13] [14] [15] .
Various methoxy-substituted nitro compounds such as 3,4,5-trimethoxynitrobenzene gave the corresponding methoxy anilines in high yields (Table 3 , entry 6,7). The chemoselective reduction of the nitroarene compounds in the presence of an aldehyde group was also studied by reduction of nitrobenzaldehydes (Table 3 entry 9, 10). It was found that only NO 2 group on aromatic ring was reduced and CHO group remained intact. Analysis of reaction products confirmed that corresponding aminobenzaldehydes were obtained in excellent yields with no by-product detected.
Generally, our procedure introduces the clean and efficient method for the chemoselective reduction of nitoarenes into aryl amines in the presence of Co/Al 2 O 3 nanocatalyst. In these processes, no intermediate products were found in the reaction mixtures, and the corresponding products were obtained in good to high yields. Workup procedure is simple and all products were isolated with simple filtration and evaporation of the solvent. Therefore, this method introduced Co/Al 2 O 3 nanocatalyst as a simple and promising catalyst for the chemoselective reduction of nitroarene compounds.
Moreover, the recyclability of the catalyst was also studied using 4-chloronitrobenzene as starting material, and reacted under optimized reaction conditions (Table  4 ). After the completion of the reaction, the catalyst was washed with hot ethanol, dried, and stored for another run. This process was repeated for five times, and no considerable decrease in the catalytic activity was observed.
The NMR spectra were recorded on a Bruker Avance 400 MHz. IR spectra were recorded on a Perkin Elmer 781 Spectrophotometer. Obtained yields refer to the isolated pure products. Co/Al 2 O 3 nanocatalyst was prepared according to the our previously reported method. 29 
1. General Procedure
Nitro compounds (1 mmol), hydrazine hydrate (3 mmol) and Co/Al 2 O 3 nanocatalyst (0.1 g) were added to round-bottom flask containing 10 mL of ethanol. The mixture was stirred under reflux condition for the appropriate reaction time ( Table 3 ). The progress of the reaction was monitored by TLC (n-hexane: EtOAc, 4:1). After reaction completion, the catalyst was filtered, and washed with hot ethanol. Evaporation of the solvent was followed by column chromatography on the silica gel which afforded the pure products in high yields.
Conclusions
We have reported an efficient and clean procedure for the chemoselective reduction of various nitroarenes catalyzed by Co-based nanoparticles (Co/Al 2 O 3 nanocatalyst) in the presence of hydrazine in ethanol, as solvent. The catalyst could be easily separated, and reused at least 5 times without notable drop in its catalytic activity. Moreover, high yields, easy work-up and clean reaction procedure make the present method a useful and important reaction for the reduction of nitroamines. Studies on other functions of this catalyst are underway in our laboratory.
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